Abstract This special issue contains some of the current state-of-the-art development and use of micro and nanotechnological tools, devices and techniques for both biological and biomedical research and applications. These include nanoparticles for bioimaging and biosensing, optical and biophotonic techniques for probing diseases at the nanoscale, micro and nano-fabricated tools for elucidating molecular mechanisms of mechanotransduction in cell and molecular biology and cell separation microdevices and techniques for isolating and enriching targeted cells for disease detection and diagnosis. Although some of these works are still at the research stage, there is no doubt that some of the important outcomes will eventually see actual biomedical applications in the not too distant future.
The last decade has seen increasing use of micro and nanotechnology for biological and biomedical applications. This can be attributed to several reasons. Firstly, there is tremendous advancement in the research and development of micro and nanotechnological tools and devices. Secondly, much progress in cell and molecular biology and biomedical sciences has also been made. Thirdly, there is a huge push towards multidisciplinary research that involves close collaboration among researchers from several disciplines including physics, chemistry, engineering, biology, and medicine. In fact, it is through this collaboration that we are starting to see how micro and nanotechnology are catalyzing and even accelerating research in the biological and biomedical sciences. Over the last 100 years, technology has always been seen to play an important contributing role in advancing biological and biomedical research and to its eventual applications in the clinics and hospitals. Thus, it is not surprising for micro and nanotechnology to play the same role and make similar contributions as well.
The development of micro and nanotechnological tools and devices can now enable us to image and probe cells and biomolecules that were previously impossible. We can now easily characterize the minute responses of individual cells and biomolecules in the micro, nano, and even picoscale range when subjected to mechanical, electrical, magnetic, and/or biochemical stimuli. In fact, micro and nanotechnology do offer several advantages over current conventional macroscale technology for any such test, experiment or application. These advantages include: (i) only a minute amount of sample and testing agents are needed; (ii) fast processing time as analysis time is reduced due to minute amount of sample being tested; (iii) highly sensitive and increased accuracy; (iv) increased portability, especially for biomedical application where there is potential for point-of-care diagnostic in the form of a microchip in resource poor settings that may lack clinical labs and skilled personnel; and (vi) low cost [6, 9, 20, 21] . Arising from these advantages, there is a unique opportunity for such micro and nanotechnological tools and devices to be further developed from bench to eventual biomedical applications at the bedside.
This special issue highlights some of the current stateof-the-art research being done around the world in the development or use of micro and nanotools, devices and techniques for biological and biomedical research and applications.
One of the hotly pursued nanotechnology research is in the fabrication and use of nanoparticles. Nanoparticles, having sizes less than 100 nm, are at the same scale as proteins and biomolecules. In this issue, Nagarajan et al. [16] demonstrated the application of upconversion nanoparticles to target the gap junction formed between cardiac cells. As the particles do not enter the cells but target the proteins expressed at the surface of the gap junctions or on the cell membrane, it has great potential in bioimaging living cells without subjecting the cells to any adverse effects.
The last decade has seen an enormous surge made in research on biomagnetism and magnetic biosensors based on molecular recognition processes. In fact, there has been increasing use of magnetic nanoparticles for applications in biomedicine [17] . Here, Llandro et al. [13] first presented conventional methods of performing biological assays and molecular identification, highlighted their advantages and limitations, and then presented an alternative approach based on magnetic nanotechnology.
Optical and biophotonic techniques are some of the important methods that one can use to image and reveal biological structures at the micro and nanoscale. Mauritz et al. [14] reviewed a range of optical and biophotonic techniques developed to make quantitative measurements of malaria-infected blood cells. These included measuring haemoglobin concentration by fluorescence lifetime imaging and diffractive phase microscopy, cell volumes by quantitative deconvolution microscopy and ion content by X-ray analysis methods. They also described how nanotools such as optical tweezers and optical stretchers can be used to shed light on the detailed molecular mechanisms of malaria infection that lead to the pathophysiology of the disease with the hope of finding new diagnostic or therapeutic approaches.
Several articles focused on the use of micro and nanotools and devices in probing how cells will respond to mechanical forces, microenvironment mechanics, topography, and chemical cues with the aim of elucidating molecular mechanisms of mechanotransduction in cell biology. In fact, fundamental biological processes such as apoptosis (cell death), mitosis, cancer metastasis, and stem cell fate are known to be modulated and even controlled by such mechanical cues [1, 5, 8, [10] [11] [12] 18] . Wang and Pelling [22] showed that the nanomechanical breakdown of cells within a monolayer is governed by the depolymerization of F-actin within the cells, while the extracellular matrix (ECM) maintains the integrity of the sheet. Although cells within the monolayer are experiencing massive internal cytoskeletal remodeling in early apoptosis, the ECM clearly maintains the overall stability of the cell sheet.
Qian and Wang [19] reviewed studies integrating micro/ nano fabrication work to elucidate the molecular mechanism of signaling transduction in cell biology. The different micro/nanofabrication technologies include those that can generate three-dimensional scaffolds for tissue engineering. The application of these technologies is in their ability to manipulate the physical or chemical micro/nano-environment to regulate cellular behavior and response, such as cell life and death, differentiation, proliferation, and cell migration.
As mentioned, cells are known to respond to chemical and topographic cues in their surroundings. For example, adhesion-promoting molecules such as poly-L-lysine (PLL) and fibronectin (Fn) are commonly used in cell assays to enable cell spreading and proliferation and to promote biocompatibility of biomedical devices. Similarly, engineered topography is often used to guide cell growth and differentiation. However, little is known about how these cues affect the biomechanical properties of cells and subsequent cell function. McPhee et al. [15] applied atomic force microscopy to investigate and quantify how PLL, Fn, and microtopography can affect cellular elasticity and the organization of the cytoskeleton. They hope their work can shed light on whether engineered chemical cues can eventually be masked by a cell's own matrix proteins and so only exert short-term influence, and whether topographical and chemical cues both affect cell elasticity.
Cell-substrate interactions can affect cellular functions such as spreading, migration, and even differentiation. These interactions are often studied using micro-and nanotechnological tools. The design of substrates based on these technologies offers new ways to probe cellular responses to changes in their physical environment. In fact, this allows the interactions of cells and their surrounding matrix to be carried out in well-controlled conditions. Here, Digabel et al. [7] reviewed techniques and tools based on nano-and microfabrication to analyze the influence of the mechanical properties of the substrate on cell functions such as cell adhesion and migration and how these can lead to better understanding of cell mechanobiology.
Cell membranes exhibit complexity which ranges from their molecular contents to their emergent mechanical properties and dynamic spatial organization. These compositional and geometrical organizations of membrane components are known to influence cell functions such as signal transduction. Supported membranes, consisting of a bilayer assembly of phospholipids on a solid substrate, have been used as model systems to study a wide range of problems in cell biology [3, 4] . The spatial organization and mechanical deformation of supported membranes can also be manipulated by patterning underlying substrates with micro and nanofabrication techniques. Yu and Groves [23] presented various applications and methods to spatially patterned biomembranes by means of curvature modulations and spatial reorganizations, and utilizing them to interface with living cells. This unique approach allows one to investigate mechanisms of interfacial interaction and signaling in cell biology.
Finally, efficient cell separation is an essential first step in many biological and medical assays and also for disease detection and diagnosis. This need has led to the development of numerous micro-separation techniques. Bhagat et al. [2] reviewed the current state-of-the-art in microfluidics-based cell separation techniques. The various separation principles are explained along with examples demonstrating their application in cell separation. Developing efficient microscale separation methods that offer greater control in isolating or enriching specific-targeted cells will be important in realizing true point-of-care labon-a-chip systems.
As can be seen from this special issue, these articles showcase some very innovative and exciting use of micro and nanotechnology in understanding cell and molecular biology as well as in detecting and diagnosing diseases. While some are still very much at the research stage, there is no doubt that enormous progress will be made in the coming years, and it is hope that some of the important findings arising from these research will result in actual biomedical applications in the not too distant future.
